The inability to oxygenate a patient due to airway management difficulties may account for up to 30% of anaesthetic deaths 1 . Although an inability to intubate the trachea or maintain a mask airway is uncommon in combination, the consequences of this are serious and it is important that anaesthetists have an alternative plan should this occur. A variety of methods have been described to obtain an emergency airway in patients who are unable to be oxygenated by conventional means. Cricothyroid puncture is currently the method of choice for rapid tracheal access and the success of this manoeuvre has been well documented 2, 3 . Although the use of a manufactured jet ventilation system is the best method of delivering oxygen from the source to the cannula, this is not available in many anaesthetic rooms and because of this there is no standardized apparatus set-up universally used by anaesthetists. We were interested to compare the different apparatus set-ups that would be used by anaesthetists if the need to secure an emergency airway arose in the anaesthetic room.
METHODS
Twenty anaesthetists were asked how they would secure an emergency airway if they were unable to oxygenate a patient. All said they would perform a cricothyroid puncture using a 14 gauge cannula, however they varied in the apparatus used to convey oxygen from the source to the cannula. Two anaesthetists did not know a system to use. Six different methods were described. The apparatus set-ups were:
• System 1 (chosen by five anaesthetists): A Bain circuit connected to a 2 ml syringe barrel via a 7.5 mm endotracheal tube connector. The 2 ml syringe is then connected to the cannula. • System 2 (chosen by two anaesthetists): A Bain circuit connected to a 3.5 mm endotracheal tube connector, which is then connected directly to the cannula. • System 3 (chosen by one anaesthetist): A Bain circuit connected to an 8 mm endotracheal tube, which is then inserted into a 20 ml syringe barrel and the cuff inflated. The barrel is then connected to the cannula. • System 4 (chosen by one anaesthetist): A Bain circuit connected to an angle piece, which is then connected to a 5 ml syringe barrel with the wings cut off. The barrel is then connected to the cannula. • System 5 (chosen by one anaesthetist): A Bain circuit connected to a laryngeal mask with the mask part cut off. The cut end of the tube is then connected via a 2 ml syringe to the cannula. • System 6 (chosen by eight anaesthetists): An Advanced Trauma and Life Support (ATLS) type set-up using an intravenous infusion giving set cut off below the drip chamber. The proximal end is connected to the oxygen source, and the distal end to the cannula. A hole of approximately 0.5 cm in diameter is cut in the drip set 2 cm proximal to the cannula, and intermittent occlusion of this hole provides a high pressure source of oxygen. The ATLS course originated in North America, and spread to Australasia and the United Kingdom in 1988. In Australia it has been termed the Early Management of Severe Trauma (EMST) course. The course aims to provide physicians with a safe method of dealing with the victims of trauma.
Measurements were made of the pressure generated within the system, the flow of oxygen through the cannula and the volumes generated with each system. All measurements were made by a RT-200 analyser (Timeter Instrument Corporation, Lancaster, Pennsylvania) ( Figure 1 ). The RT200 is a microprocessor-controlled analyser which measures gas pressure, flow and volume with an accuracy of 1% or better. Line pressure of oxygen at the wall was 408 kPa.
Firstly, we compared the efficiency of the systems which used a Bain circuit.
A new Bain circuit and two-litre reservoir bag were connected to an Pneupac Lamtec 550 anaesthetic machine with the oxygen flow rate at 10 l/min (the maximum rotameter setting for this and many other anaesthetic machines). Pressure at the common gas outlet was 47 kPa. The distal end of the Bain circuit was connected to each of the apparatus setups in turn, and the 14 gauge cannula was connected to the RT-200 analyser. With the adjustable pressure limiting (APL) valve fully closed, the pressure generated proximal to the cannula was measured using a T connector made from high-pressure tubing. The flow rate through the cannula was measured for each system.
A "bag squeeze" was then standardized using a Nuffield 200 ventilator set to deliver a flow of 800 ml/s for 1.5 seconds and the volume delivered through the cannula was measured for five ventilator breaths.
Finally, the volumes generated by manual squeezing of the reservoir bag were measured to assess the volumes to be delivered in an emergency situation. With a flow of 10 l/min through the anaesthetic machine and the adjustable pressure limiting (APL) valve fully closed, the reservoir bag was allowed to fill and then given a vigorous double-handed squeeze. The volume generated was measured and the squeeze repeated five times. Volumes generated by the Bain circuit systems were compared using Student's t test.
Secondly, we assessed the ATLS system. The oxygen supply was delivered to the system in three ways: from an M.I.E. pressure-compensated flowmeter connected to a Schraeder wall oxygen valve at 5, 10 and 15 l/min (measured by the RT-200); through the anaesthetic machine at 10 l/min; and using the oxygen flush button on the anaesthetic machine. Connection to the anaesthetic machine common gas outlet was via a 3.5 mm endotracheal tube connector. The pressure generated proximal to the cannula and the flow rate through the cannula was measured for each setup. This was performed with the hole occluded and unoccluded. Volumes generated by a one-second occlusion of the distal hole were measured in each situation. When using the oxygen flush, a comparison of the volumes delivered using a one, two or three second depression of the oxygen flush button with the hole occluded was made. All measurements were repeated five times and a mean value for each obtained.
RESULTS
System 4 did not work well, as there was a leak from the angle piece-5 ml syringe barrel connection. System 5 was difficult to assemble as it took time to cut the laryngeal mask. It also had a leak between the tube and the syringe. No measurements were taken using these systems.
Backpressure
The pressure generated proximal to the cannula 676 With an oxygen flow of 10 l/min supplied through the anaesthetic machine the pressure within the ATLS system was 116 cm H 2 O with the hole occluded and 6.2 cm H 2 O with the hole unoccluded.
Supplying oxygen via the oxygen flush provided the greatest pressure. With the hole occluded, the pressure within the system was 1571 cm H 2 O. The pressure was 0 cm H 2 O between flushes.
Flow rate
The flow rate of oxygen delivered through the cannula was dependent on the pressure generated within the system. Out of the systems using a Bain circuit, system 2 had the highest flow rate of 6.3 l/min. Again, the ATLS systems provided the highest oxygen flow through the cannula. Supplying oxygen from the oxygen flush provides a flow of 40 l/min with the hole occluded.
Volume generated
Of the systems using a Bain circuit, system 2 provided the largest volume of oxygen for each manually generated breath (224 ml versus 183 ml for system 1 and 206 ml for system 3). This difference was significant between systems 2 and 1 (P<0.01), but not between systems 2 and 3, or between systems 1 and 3. The standardized breath delivered by the ventilator through the different Bain circuits resulted in a smaller volume delivered through system 1 (150 ml) than system 2 (160 ml) or system 3 (160 ml) (P<0.001 for both comparisons).
When attached to a wall oxygen valve at 15 l/min, the ATLS-type system delivered an average of 148 ml with a 1 second occlusion of the hole. At a flow of 10 l/min the average volume delivered was 106 ml, and at 5 l/min the average volume delivered was 68 ml.
At a set flow of 10 l/min on the anaesthetic machine, the ATLS system delivered an average volume of 165 ml with a one second occlusion.
Using the oxygen flush on the anaesthetic machine in combination with the ATLS system generated the greatest volumes. The volume delivered varied directly with the duration of time the oxygen flush button was pressed. For a one-second press the volume delivered was around 340 ml, for two seconds 677 APPARATUS FOR EMERGENCY TRANSTRACHEAL VENTILATION Anaesthesia and Intensive Care, Vol. 25, No. 6, December 1997 around 610 ml and for three seconds around 960 ml.
DISCUSSION
The volumes delivered through each of the systems were directly related to the pressure generated within the system. The Bain circuits achieved limited maximum pressures as a result of the APL valve, and consequently delivered lower volumes. The slightly better performance of system 2 probably reflects less leakage within the system.
Of the systems tested, use of the oxygen flush to supply oxygen to the ATLS system provides the system with the highest pressure and consequently the highest volume of oxygen delivered. Use of the anaesthetic machine to provide 10 l/minute resulted in higher volumes and pressures than supplying 10 l/minute through the wall valve flowmeter. This again is probably the result of greater leakage from the wall valve flowmeter.
Oxygenation through an emergency cricothyroid puncture is a risky procedure fraught with complications 4 . Misplacement of the cannula or pulmonary barotrauma are amongst the life-threatening complications which may occur. These complications arise principally as a result of the high pressures present within the oxygen delivery systems. These high pressures are necessary, however, to supply adequate volumes of oxygen to the patient.
The majority of anaesthetists in our survey proposed an anaesthetic circuit to convey oxygen from the source to the cannula. Although this could deliver oxygen to the trachea in the region of 200 ml for each breath, it is less effective than the ATLS system. It is more awkward to hold a cumbersome circuit connected to a cannula, and the cannula would be more likely to kink or move position. A second person would be required to vigorously squeeze the bag. If this technique is used in an emergency situation, the bag can be rapidly filled using the oxygen flush. The fact that the circuit is distensible and the pressure achieved limited by the pressure relief valve results in a less efficient system.
The system recommended on the ATLS course utilizes the ball flowmeter with a flow of 15 l/min of oxygen. In the anaesthetic room we have a variety of oxygen sources, and the most effective is the oxygen flush which provides high flow oxygen.
Duration of inspiration should initially be one second, which will deliver a volume of around 628 ml. The effect of this volume will vary according to the clinical condition of the patient. If the patient has glottic obstruction, the volume may be entirely delivered to the lungs; however, if there is no impair-ment to expiration, only a proportion of the oxygen delivered will reach the lungs. If obstruction is complete, a method of venting expired air from the lungs is needed. In this situation, high pressures within the system will be transmitted to the lungs, with the potential for severe barotrauma. Optimization of the patient's natural airway should be tried initially. Other possible methods include a second cannula in the neck 5 and use of the unoccluded hole in the ATLS system between inspiratory breaths. These are likely to be unsuccessful when using high-pressure systems to deliver oxygen, as the passive expiratory time is long through a 14 gauge needle. Larger gauge needles (10 gauge and 12 gauge) have been shown to allow adequate venting in dogs when used with oxygen flows of 3-7 l/min 6 . This model allowed an expiratory pause of four seconds for each one-second breath, and provided adequate oxygenation. Formation of a larger hole in the trachea to allow adequate expiration may be necessary.
Ryder et al have demonstrated that using a manufactured jet ventilation system may be the only method to reliably ventilate the lungs 7 . Given that this is not readily available in most anaesthetic locations, adequate oxygenation is the initial goal in a failure to ventilate/failure to intubate situation. The ATLS system provides the better method to achieve this and should be kept assembled in all anaesthetic rooms where jet ventilation is unavailable.
Great care should be taken to avoid the high pressure damage likely with this system in cases of expiratory obstruction.
